Water Splitting from Sea to Air
Catalysts have been invented that accomplish the solar fuels process of natural photosynthesis – the
splitting of water to hydrogen and oxygen using sunlight – under ambient conditions. The catalysts are
self-healing, permitting water splitting to be accomplished using any water source—which is critical
development of: (1) the artificial leaf, as it allows for the facile interfacing of water splitting catalysis to
materials such as silicon and (2) the bionic leaf, as it allows for the facile interfacing of water splitting
catalysis to bioorganisms. For the latter, using the tools of synthetic biology, a bio-engineered bacterium
has been developed to convert carbon dioxide from air, along with the hydrogen produced from the
catalysts of the artificial leaf, into biomass and liquid fuels, thus closing an entire artificial photosynthetic
cycle. The HBI, called the bionic leaf, operates at unprecedented solar-to-biomass (10.7%) and solar-toliquid fuels (6.2%) yields, greatly exceeding the 1% yield of natural photosynthesis.
Extending this basic science, catalysts have been adapted to allow for the generation of breathable
oxygen from seawater. Here oxygen must be produced selectively from seawater without producing other
toxic contaminants, most notably chlorine and bromine. This selectivity has been achieved. Moreover,
the hydrogen produced as a by product of water electrolysis may be combined with carbon dioxide to
produce soluble salts (as opposed to fuels as described above), which may dissolve directly in seawater.
In doing so, a closed loop cycle for generating and managing oxygen during diving operations may be
achieved.
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